INTRODUCTION
============

A tracheoesophageal fistula (TEF) is a rare disorder that is either congenital or acquired. Acquired TEF due to esophageal or lung cancer, otherwise known as malignant TEF, is a life-threatening complication. The incidence of malignant TEF has been reported to be 0.16% to 0.3% for lung cancer and 4.9% for esophageal cancer^[@ref1],[@ref2])^, with a median survival time (MST) from diagnosis of only 6 weeks in the absence of appropriate treatment^[@ref1])^. Even after appropriate treatment, a MST of 2.8 months had been reported in a study of 264 patients^[@ref3])^. Recently, a number of reports have been published regarding TEF and its relation to treatable radiation therapy (TRT) and bevacizumab^[@ref4]-[@ref6])^, though little is available on the causes of TEF without TRT in lung cancer.

Herein, we describe a case of TEF in a patient with non-squamous non-small-cell lung cancer (NSCLC) treated with bevacizumab without TRT.

CASE REPORT
===========

A 66-year-old male complaining of cough and back pain visited our clinic. He had a smoking history of 20 cigarettes per day for 40 years and no history of hemosputum, hemoptysis, and gastrointestinal disease. Although no significant abnormalities were found upon physical examination and blood work, a chest X-ray revealed a mass in the left lower lung. A chest CT confirmed the presence of a tumor in the left S9 and subcarinal lymphadenopathy ([Fig. 1A, B](#fig1){ref-type="fig"}). Bronchoscopy revealed an elevated membranous portion in the left main bronchus and no dilation of blood vessels. Transbronchial biopsy of the primary region was subsequently performed, after which a pathologic diagnosis of non-squamous NSCLC was established. The patient was negative for epidermal growth factor receptor mutation and echinoderm microtubule-associated protein-like 4 ALK. Systemic screening using fluourodeoxyglucose positron emission tomography and magnetic resonance imaging revealed stage IV disease (cT2aN3M1b, OSS). Bone metastasis was identified at the 10th and 12th thoracic vertebra, which prompted the initiation of palliative radiotherapy (30 Gy in 10 fractions). In addition, systemic chemotherapy with carboplatin (AUC5), pemetrexed (500 mg/m^2^), and bevacizumab (15 mg/kg) was administered one day after the start of palliative radiation therapy. However, 11 days after chemotherapy initiation, the patient complained of severe cough and fever, as well as the inability to swallow tablets without regurgitating them. Chest CT indicated aspiration pneumonia and a fistula between the left main bronchus and the middle part of the esophagus ([Fig. 1C](#fig1){ref-type="fig"}). Chemotherapy appreciably decreased the primary region from 40.4 mm to 33.8 mm and remarkably diminished subcarinal lymphadenopathy ([Fig. 1D](#fig1){ref-type="fig"}). The patient received no food by mouth and was placed on antibiotic therapy. Upper gastrointestinal endoscopy and bronchoscopy confirmed the presence of a TEF (Common Terminology Criteria for Adverse Events Grade 4) with a major and minor axis of 2.5 and 1.0 cm under direct visualization, respectively. After the placement of a covered esophageal stent (Niti-S stent, 100 mm), the patient's symptoms improved. However, 3 months thereafter, the patient died due to primary disease.

![Computed tomography (CT) and bronchoscopy\
(A) Chest CT showing the primary region in the left S9.\
(B) Chest CT showing the subcarinal lymph node compressing the esophagus before treatment and the subcarinal lymph node exerting pressure on the left main bronchus (arrow head).\
(C) A tracheoesophageal fistula was observed between the left main bronchus and esophagus through the subcarinal lymph node (arrows).\
(D) Chest CT performed 2 weeks after diagnosis of TEF showing a remarkably diminished subcarinal lymph node enlargement after chemotherapy.\
(E) An elevated membranous portion of the left main bronchus observed by bronchoscopy before treatment.\
(F) The fistula (2.5 cm × 1.0 cm) was observed in the left main bronchus.](2186-3326-80-0129-g001){#fig1}

DISCUSSION
==========

The present case provides important clinical perspectives on the relationship between subcarinal lymphadenopathy and TEF formation. We tabulated previously reported cases that showed an associated between TEF and bevacizumab ([Table 1](#table1){ref-type="table"})^[@ref4]-[@ref8])^. The identified cases showed that bevacizumab led to TEF formation when administered in the presence of additional risk factors. TRT had been suggested to be the most significant risk factor for bevacizumab-related TEF. Moreover, out of eight cases determined to have received TRT with bevacizumab, two cases developed TEF within the duration of bevacizumab administration after TRT. Meanwhile, six cases developed TEF 3 months or more after radiation therapy. In addition, disorders of the esophageal mucosa, such as esophagitis and esophagus dilatation, were observed in five cases. Damage to the esophagus was also determined as a risk factor for TEF. In contrast, Schreiber et al. reported that TEF occurred after chemotherapy, which included bevacizumab without TRT^[@ref7])^. The aforementioned case involved an intratracheal tumor and a wall that was presumably destroyed before treatment. This suggested that the tracheal tumor directly injured the esophagus and resulted in TEF development without TRT. In the present case, the patient did not receive TRT, and the therapeutic radiologist confirmed that the site of the TEF was not within the irradiation field of palliative radiation therapy. Moreover, bronchoscopy revealed that the tumor was not on the surface of the bronchus, indicating that no intratracheal invasion had taken place. The patient had no symptoms of esophagitis until TEF development. The enlarged metastatic subcarinal lymph node exerted pressure on the bronchus and esophageal walls, which resulted in partial injury. CT and bronchoscopy showed an upward displacement of the mucosal wall in the left main bronchus before treatment, while CT showed remarkably diminished subcarinal lymph node enlargement after chemotherapy. The walls that may have been invaded by the tumor had rapidly necrotized, leading to their collapse and subsequent fistula formation.

###### 

Previously reported cases on the association between TEF and bevacizumab

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Article           Age,\   Cancer type            Treatment                                                                          Risk factors of Bev related TEF                                      Development TEF                             Outcome
                    Sex                                                                                                                                                                                                                                
  ----------------- ------- ---------------------- ---------------------------------------------------------------------------------- -------------------------------------------------------------------- ------------------------------------------- ---------------------------
  Goodgame 2008     28,\    NSCLC                  1st line:\                                                                         TRT                                                                  During second line                          NA
                    M                              CDDP+ETP+TRT\                                                                                                                                                                                       
                                                   2nd line:\                                                                                                                                                                                          
                                                   PTX+CBDCA+Bev → Bev                                                                                                                                                                                 

  Gore 2009         48,\    NSCLC                  1st line:\                                                                         TRT                                                                  21 months after radiation therapy           NA
                    M                              PTX+CBDCA+TRT\                                                                                                                                                                                      
                                                   2nd line: GEM+CBDCA+Bev → Bev                                                                                                                                                                       

  Spigel 2010       62,\    NSCLC                  PEM+CBDCA+Bev+TRT                                                                  Esophageal ulcers/Esophageal dilation for esophageal stricture/TRT   34 weeks after therapy                      More than 10 months alive
                    F                                                                                                                                                                                                                                  

  55,\              NSCLC   PEM+CBDCA+Bev+TRT      Esophageal esophagitis, ulcers/Esophageal dilation for esophageal stricture/TRT    40 weeks after therapy                                               More than 10 months alive                   
  M                                                                                                                                                                                                                                                    

  57,\              SCLC    CPT-11+CBDCA+Bev+TRT   Esophagitis during chemotherapy/Esophageal dilation for esophageal stricture/TRT   5 months after Bev maintenance initiation                            NA                                          
  F                                                                                                                                                                                                                                                    

  57,\              SCLC    CPT-11+CBDCA+Bev+TRT   Esophagitis during chemotherapy/TRT                                                3 months after chemoradiation therapy                                Dead due to TEF                             
  F                                                                                                                                                                                                                                                    

  67,\              SCLC    CPT-11+CBDCA+Bev+TRT   Barret's esophagus/\                                                               6 weeks after chemo therapy                                          NA                                          
  M                                                Esophagitis/TRT                                                                                                                                                                                     

  Socinski 2012     NA      NSCLC                  PTX+CBDCA+Bev→ PTX+Bev+TRT                                                         TRT                                                                  3.5 month after combined modality therapy   NA

  Schereiber 2012   40,\    NSCLC                  PTX+CBDCA+Bev                                                                      Right main stem bronchus tumor/Barrett mucosa                        3 weeks after first cycle                   Dead due to hemoptysis
                    M                                                                                                                                                                                                                                  
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; TEF, tracheoesophageal fistula; TRT, thoracic radiation therapy; CDDP, Cisplatin; CBDCA, Carboplatin; ETP, Etoposide; PTX, Paclitaxel; Bev, Bevacizumab; CPT-11, Irinotecan; PEM, Pemetrexed; GEM, Gemcitabine; NA, No available

During the treatment of the current patient, no data was available on the association between TEF and bevacizumab, except during chemoradiation. We speculate that the large subcarinal lymph node was one of the risk factors for TEF formation. The concurrent destruction of both bronchial and adjacent esophageal walls is the essential element in the development of a TEF, for example, simultaneous injury to both walls due to TRT. The pressure exerted by the subcarinal lymph node on walls of the bronchus and esophagus was able to damage both walls simultaneously, leading to the fistula formation.

A few reports have described cases of TEF through a subcarinal lymph node^[@ref9],[@ref10])^. Takeuchi et al. reported a case of TEF treated by concurrent chemoradiotherapy without bevacizumab in which bulky subcarinal lymphadenopathy was diagnosed after chest CT^[@ref10])^. The fistula was identified through the subcarinal lymph node but did not directly connect the bronchus to the esophagus. Nishinari et al. reported a case in which bevacizumab administration to a patient with metastatic tumor of the hilar lymph node resulted in bronchopleural fistula and empyema. They suggested that the metastatic tumor's contact with the trachea and thoracic cavity contributed to fistula formation. The importance of tumor location was also identified as a risk factor for fistula formation^[@ref11])^.

This is the first case to provide perspective on the role of subcarinal lymphadenopathy on TEF formation. Subcarinal lymphadenopathy was suggested to have contributed to TEF formation. Moreover, the pressure exerted by the lymphadenopathy on the structurally vulnerable membranous portion of the bronchus could have resulted in injury to the wall. The high incidence of subcarinal lymph node metastasis among lung cancer patients increases the importance of this risk factor in clinical practice. We believe that the presented risk factor for TEF, i.e., mediastinal lymph node metastasis, is clearly different from the risk for hemoptysis due to large vessel invasion or tumor outcrops in the trachea. We may be able to determine the risk of wall invasion using several diagnostic techniques, such as endobronchial ultrasound, for physicians who plan on using bevacizumab in cases where the tumor or metastatic lymph node compresses the airway. Further studies are necessary to clarify the cause of TEF formation. In conclusion, the present case suggests that using bevacizumab in patients with large subcarinal lymph nodes increases the risk for TEF formation.
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